Summary. Glomerular basement membrane thickness has been estimated by quantitative electron-microscopic study in control subjects and in juvenile diabetics at onset and with short-term diabetes. --The juxta-mesangiM part of the basement membrane as well as basement membranes located close to the vascular pole were considered separately and their thickness compared with the remainder of the basement membrane of the same cross section. --It was found that basement membrane, both close to mesangial regions and to the vascular pole, showed greater variation in thickness than the remainder of the glomerular basement membrane. The deviations were, however, small, --The initial thickening occurring in diabetic patients after a few years of the disease was shown to take place as a generalized phenomenon over the entire cross section and did not primarily affect the basement membrane close to mesangial regions or the vascular pole.
thickening is demonstrable after a duration of the disease of about 11~ years [33] .
The aim of the present investigation was to study the localization of the initial thickening of the peripheral glomerular basement membrane in relationship to mesangial regions and to the vascular pole. The topography of the initial basement membrane abnormalities in diabetic glomerulosclerosis has not previously been studied by quantitative electron microscopy.
In light-microscopic studies it has often been stated that diabetic glomerular lesions first appear axially or centrally in the ]obules [18, 27] . However, exact evaluation of the structures involved, i.e. peripheral basement membrane versus mesangia] regions, let alone which segments of the peripheral basement membrane, cannot be made at this level of resolution. The authors of one ultrastruetural study claimed that thickening of the basement membrane, most markedly in the areas adjacent to mesangial regions, was present as the only abnormality in two cases of prediabetes [4] . This particular part of the peripheral glomerular basement membrane has often been omitted in quantitative studies, both in normal and in diabetic subjects.
Diverging statements have been made as to the site of the primary lesions with respect to the vascular pole, some investigators stating that the lesions first develop at the vascular pole [3, 5, 22] , others that the peripheral part of the glomerular tuft shows the initial lesions [7, 20] .
The results of the present quantitative study show that the initial thickening of the peripheral glomerular basement membrane is not preferentially located near mesangial regions or in the segment of the glomcru]ns close to the vascular pole.
Material and Methods
The patient material studied was identical to that previously reported in detail [33] and will therefore only be briefly described here.
The ages of the patients ranged from 12 to 34 years. Controls consisted of 5 non-diabetic patients without clinical or laboratory signs of kidney disease. For stepwise sectioning of glomeruli (see later in text and in Table 3 ) two additional non-diabetic cases were studied. They were not included in the remaining part of the study, since in one of the cases the kidney specimen was not an aspiration biopsy, but was obtained as a slice of tissue during operation, and in the other ease significant nephrosclerosis was found to be present. Three groups of diabetics were studied. In one group of 7 diabetics a kidney biopsy was obtained on initial admission to hospital because of newly diagnosed, untreated diabetes mellitus, and again after intensive treatment for one month (group I, a and b). A third biopsy was performed in 5 of these patients 11/2 -21/2 years later (group II). Biopsy was also performed in 8 juvenile diabetics with a well-established duration of the disease of 31/2 -5 years (group III).
An estimate of glomerular basement membrane thickness was made on the basis of measurements performed on complete glomerular cross sections, produced as photomontages of electron micrographs with a magnification of 13500 • [33] . The peripheral basement membrane was defined as the basement membrane of the capillary wall, where the latter is a simple three-layered structure (see Fig. 1 ), consisting of endothelium, basement membrane and epithelium, i.e. the basement membrane in capillary walls outside mesangial regions. It should be stressed that the term "peripheral" does not designate a relationship to the vascular pole or any particular distance from a mesangial region.
The peripheral basement m e m b r a n e was measured in every loop found in the cross section, starting in each loop tween two sequential levels was roughly estimated by cutting a certain number of sections with the ultramicrotome working eontinously at a certain feed between two series of thin sections used for electron microscopy. The separation between juxta-mesangial and distomesangial parts. Arrows: First endothelial lcore after a mesangial region. Dot: measuring points between mesangial region and first endothelial pore. Cress: measuring point after first endothelial pore. I : no measurements taken, because of non-perpendicularity at the first endothelial pore after a mesangial region (Fig. 1) , and omitting sites where non-perpendicular sectioning had occurred [31] . I n some eases the first endothelial pore was found at some distance from the mesangiM region. I n order to m a k e a comparison between measurements obtained close to and far from mesangiM regions, additional measurements were taken of the basement m e m b r a n e situated between the mesangial region and the first pore (in Fig. 1 measurements between the solid line and the arrow). Measurements from one cross section were divided into two groups, those obtained close to mesangiM regions, and those far from it. Separation between the two parts of the basement membrane, in the present study termed "juxta-mesangiM" and "disto-mesangial", was arbitrarily placed at 50 m m from each mesangial region on the mierographs, corresponding to about 3.7 ~. These two sets of measurements were then compared, b u t only in cross sections where at least 200 measurements of the juxta-mesangiM basement m e m b r a n e had been obtained.
Variation in basement m e m b r a n e thickness in sections with varying loeMizations with respect to the vascular pole was studied in a few eases, measurements being done on 2 --5 cross sections obtained at various levels within the same glomerulus ( Fig. 2 and Table 3 ). The distance be-5~3 sections = 15 p Only cross sections from which at least 200 measurements could be obtained in each segment were evaluated. The juxta-mesangial basement membrane was measured in 14 glomeruli from non-diabetics and 58 glomeruli from diabetics ( Table 1 ). The two segments of the glomerular cross section, with and without the vascular pole, were compared in 13 non-diabetic and in 54 diabetic glomeruli (Table 2) , and stepwise sectioning was performed in 7 glomeruli (Table 3) .
Since the distribution of the actual measurements was markedly right-skewed, a transformation giving a symmetrical distribution was sought. It was found that the transformation to ~ where T is the measured basement membrane thickness, was optimal in this respect [9] , Mean values, Th, calculated from the distributions of V 1 were thus the most reliable, unbiased estimates of the unknown means. On comparing mean values, a 5~ level of significance was applied.
Results
The quantitative study showed that the thickness of the peripheral glomerular basement membrane is normal in juvenile diabetics at onset of disease (group I), and significantly increased in the same patients after 1 ~ years' duration. Basement membrane thickness was markedly increased in the diabetics in group III [33] .
Owing to the definition of juxta-mesangial basement membrane used the number of measurements obtained here was always less than the number obtained from the disto-mesangial basement membrane. The distribution curves of the measurements from both subdivision of the basement membrane, as well as those Table 1 shows average values of Th for each of the two segments of the peripheral basement membrane in the groups of patients. In all of the groups the mean value for the juxta-mesangiM basement membrane is higher than for the disto-mesangiM basement membrane. The difference, however, is small in all groups. There appears to be no difference between the controls and newly diagnosed diabetics for either of the separate segments of the basement membrane, whereas there is a significant increase in thickness of both the juxtamesangial basement membrane and the disto:mesangiM basement membrane (2p<0.001) in the diabetics in group III. A paired comparison between results obtMned in 5 of the diabetics at onset and in the same patients after 1 89 89 years' duration shows a significant increase in thickness of both segments of the basement membrane (2p<0.05 and 2p<0.025 for juxta-mesangial and disto-mesangiM, respectively).
The difference between T~ for the juxta-mesangiM and disto-mesangiM basement membrane was positive for most of the glomerular cross sections studied (92%) and there was a tendency towards higher values in group DIII. Calculating this difference in percentage of the mean value, Th, for the total number of measurements gave results as shown in Table 1 . No difference was found between controls and recently diagnosed diabetics, and no correlation with duration of diabetes is found. Thus, the conclusions to be drawn are, firstly that the jnxta-mesangiM basement membrane is normal at the onset of diabetes, and secondly, that the initial thickening of the basement membrane, which takes place during the first years of diabetes, is not located preferentially close to the mesangial regions.
Basement membrane measurements from the two glomerular segments, one containing the vascular pole, and one opposite the pole, were compared in the same manner. Distribution curves from the two segments of one glomerulus appear in Fig. 5 . It was usually found, as illustrated in the figure, that the curve representing P-basement membrane was a little displaced to the right, and basement membrane thickness showed the controls, and there was no correlation with the duration of diabetes. The results obtained on stepwise sectioning of glomeruli are shown in Table 3 and Fig. 6 . The figure shows a clear tendency towards thinner basement membranes with increasing distance between the level of the cross section and the vascular pole. Applying Page's test [24] , modified with regard to the varying Table 2 show that P-basement membrane as well as NP-basement membrane are normal at the onset of diabetes. On paired comparison basement membrane thickening was demonstrable in both segments after t~ years' duration of diabetes (2p<0.01 (P), and 2p< 0.05 (NP)). The difference in basement membrane thickness between controls and diabetics in group III is highly significant for both individual segments (2p< 0.001).
The intra-glomerular difference between Th for P and NP-basement membrane was positive in the majority of the glomerular cross sections (91%) and a tendency towards higher values obtained in group D III. Average values for this difference in the 3 groups of patients expressed as % of T~, appear in Table 2 . None of the groups of diabetics differ significantly from number of observations in the individuals [8] , the tendency was shown to be highly significant (2p < 0.002).
Discussion
A clear distinction between the peripheral basement membrane, as defined in the present paper, and the mesangial basement membrane-like material is relevant for several reasons [30] . Only the peripheral basement membrane is, with regard to morphology, a true membrane, whereas the basement membrane-like material of mesangial regions is a sponge-like meshwork. Therefore, for a quantitative evaluation the two parts have to be handled in different ways. The separation has, of course, to be made arbitrarily, since M1 of the basement membrane material of the glomerulus is in direct continuity. Separation, however, can be made without too much difficulty [34] . The mesangial basement membrane-like material is not increasing thickness occurring when approaching a mesangial region [21] . When, however, measurements are only made at places where both endothelial and epitheliM cell membranes are distinct, the true basement membrane thickness at a given point is obtained [31] . If greater tortuonsity was found at this region, it a expressed as percentage of Th for the total number of measurements. b significantly different from ND (2 p < 0.001). included in the present measurements. The juxtamesangiM part of the peripheral basement membrane has often been neglected in quantitative studies [10, 13, 14, 15, 16, 21, 28] . The reasons given for omitting this part of the basement membrane have been the great irregularity or tortuousity [10, 13, 14, 16] , or the would only mean that a smaller number of measurements per unit length could be obtained. Irregularity in thickness is also found in the disto-mesangiM part of the basement membrane, and neither this quality nor tortuousity are good criteria for exclusion from measurements. Since the thickness of the basement membrane is the unknown investigated, it seems dangerous to exclude some parts because of increase in thickness. In none of the cited papers has a clear definition been given of the part of the basement membrane, i.e. how far from mesangial regions, on which measurements were performed.
The results of the present study showed that measurements obtained from the juxta-mesangial basement membrane generally showed greater variation than those from the disto-mesangial basement membrane. The average difference between the two segments was positive in all groups of patients. This difference, however, was small, being a few hundred A in the various groups of patients, and in occasional glomeruli it was, in fact, negative. Discrepancies in normal basement membrane thickness in various studies [12, 13, 14, 23, 33] cannot therefore be attributed to omitting or including this part of the basement membrane, but are more likely due to the methods employed or the patient material used.
Quantitative estimation of the juxta-mesangial part of the basement membrane in diabetic patients showed that this particular segment is also normal at the onset of juvenile diabetes. This finding is in contradistinction to the report of basement membrane thickening at this ]ocMization in prediabetes [4] . However, the latter study was not based on quantitation. The great variability normally observed in this region makes conclusions based on mere impression quite uncertain.
The finding in the present study of thickening of both the juxta-mesangial and disto-mesangial basement membrane in group D II (duration of diabetes 1~--2~ years) contradicts Kimmelstiel's suggestion that thickening of the peripheral basement membrane comes about as an extension of a primary involvement of the basement membrane-like material in mesangial regions [16] .
In no previous studies have basement membrane measurements been correlated to the localization of the section with respect to the vascular pole. It was found in the present investigation that the peripheral basement membrane shows greater thickness and variation when the loops close to the vascular pole are considered. The question could therefore be raised, whether results of basement membrane measurements depend on the localization of the plane of section through a glomeruins. However, the systematic change in basement membrane measurements observed in the present study on stepwisc sectioning was only slight. Therefore, if only cross sections of a certain, not too small width are included, it seems justified to accept one cross section as representative for the glomeru]us in question. In the study of basement membrane thickness in patients with early diabetes only those cross sections were considered in which at least 400 measurements could be obtained. The material comprised 80 cross sections containing the vascular pole, and 19 which did not. On the basis of the present study of intra-glomerular variation it can be concluded that the presence of a small number of cross sections not containing the vascular pole, would not be able to influence the results.
An effort to localize the initial thickening of the peripheral basement membrane in diabetic g]omerulopathy has not previously been attempted on the basis of a quantitative electron microscopic study. In the present investigation it was found that the relationship between the juxta-mesangial and the disto-mesangial basement membrane was the same in controls, in juvenile diabetics at onset and in diabetics with a measurable degree of basement membrane thickening. It was also shown that the segment of the glomerulus opposite the vascular pole is involved to the same extent as the segment containing the vascular pole. This is in contradistinction to the impression gained from light-microscopic studies, in which axial and hilar areas have been stated to be primarily involved.
It must be stressed that the present report deals exclusively with the peripheral basement membrane. With light microscopy a clear distinction between mcsangiM regions and peripheral basement membrane cannot be made. A quantitative electron microscopic study of mesangiM regions has been performed in the same patient material. The results showed that mesangiM regions are not involved prior to the peripheral basement membrane, and that the initial increase in basement membrane-like material in mesangial regions does not occur preferentially close to the vascular pole [33] .
The mechanism responsible for increase in basement membrane thickness in diabetes mellitus is unknown. One theoretical possibility is a change in the normal basement membrane metabolism, affecting either the synthesis or the break-down of the basement membrane [6, 11, 19, 26] , or both. It has been shown recently that diabetic basement membranes differ chemically from normal basement membrane [2, 25] , a finding which might indicate a change in synthesis. Glomerular epithelial cells appear to be involved in the synthesis of basement membranes [1, 17, 32] . If a change in synthesis takes place in diabetic patients it would probably affect all parts of the basement membrane at the same time. Obviously, no conclusion can be drawn regarding basement membrane metabolism from the results of the present study. However, it might be stated that they are in accordance with the occurrance of a change in basement membrane metabolism taking place as a generMized phenomenon throughout the glomerulus.
